Polyethylene glycol (PEG) based microspheres have the capacity to absorb organic compounds and are a promising strategy for the delivery of therapeutics. In Brazilian ethnopharmacology and experimental studies on individuals with diabetes, the use of Momordica charantia L. has been shown to improve the immune system. The aim of this study was to evaluate the adsorption of Momordica charantia L. onto PEG microspheres and to verify the in vitro immunomodulatory effect of this nanomaterial on blood phagocytes from diabetic patients. Blood samples were collected according to glycemic status: normal glycemia (N = 120) and clinical diabetes (N = 120). We explored the use of PEG microspheres fabricated via thermal adsorption of plant extract. We determined the effects of PEG microspheres adsorbed with plant extract on the viability, superoxide release, phagocytosis and microbicidal activity of blood phagocytes. In the presence of the PEG microspheres, superoxide release increased in the phagocytes collected from the clinical diabetes patients, and phagocytosis increased significantly in the control group. Phagocytes had low bactericidal activity against EPEC in the diabetic group. These data suggest that PEG microspheres adsorbed with nanofractions of Momordica charantia L. represent a potential nanomaterial for future clinical applications of diabetes.
INTRODUCTION
The therapeutic properties of compounds isolated from plants and their incorporation into controlled release systems offer an important strategy for developing drugs with intelligent properties. Microparticles are spherical polymer matrix particles (microspheres) or reservoirs (microcapsules) that promote the controlled release of drugs or biologically active hydrophilic or hydrophobic substances. adverse effects of herbal medicines are less frequent when compared to synthetic drugs. 7 Literature reports the effectiveness of medicinal plants that are prospects for new drugs. 8 Several medicinal plants have shown the ability to induce immune system activation and display beneficial effects against disease, mainly chronic degenerative diseases such as diabetes [9] [10] [11] Diabetes mellitus is a metabolic disease characterized by elevated blood glucose levels. It results from the absence or inadequate pancreatic insulin secretion with or without concurrent impairment of insulin action. 12 Experimental studies have shown that plants exhibit the ability to reduce glucose levels. 11 Brazilian ethnopharmacology studies with Momordica charantia L. showed that it had hypoglycemic properties, and it can be useful for improving the immune system. However, the incorporation of nanofractions of Momordica charantia L. onto microspheres and their effect on cellular functional activity have not been studied. [13] [14] Several studies have attempted to elucidate the antimicrobial action of phagocytes. In this respect, it was assigned an important role for oxygen-derived radicals and their possible modulators. [15] [16] [17] [18] [19] The multiple cascades caused by free radicals may be associated with phagocytosis and microbicidal activity designed to eliminate potentially pathogenic agents. 17 20-21 Phagocytosis represents an important defense mechanism against bacterial infections. During phagocytosis, the massive activation of cellular oxidative metabolism and the generation of potent active oxygen metabolites occur. Oxygen-derived radicals are involved in many important processes such as immune reactions, longevity and peroxidation of cellular lipids, proteins, carbohydrates, and DNA. 16 22-23 On the other hand, the literature has indicated that many plants can stimulate immune cells, which constitutes real promise for the treatment of infections. 24 Plants are a potential source of traditional medicines and chemical substances with useful properties in the modulation of the immune system. 25 Immunostimulatory or immunosuppressive activities have been investigated using a large number of plants and their isolated constituents [26] [27] These studies have attracted attention worldwide as an alternative to traditional treatment methods. 28 In this paper, we describe the adsorption of nanofractions of Momordica charantia L. onto microspheres of poly(ethylene glycol) and verify the in vitro immunomodulatory effects of this nanomaterial on human blood phagocytes from diabetic patients.
MATERIALS AND METHODS

Subjects
Samples of 10 mL of blood were collected from 120 volunteers confirmed to be normoglycemic and 120 volunteers diagnosed with diabetes by the Glycemia Test. The volunteers signed an informed consent form that was approved by the local Ethics Committee before entering the study. The mean and standard deviation for glycemia were 75 56±11 36 for the normoglycemic group and 163 39 ± 51 25 for the hyperglycemic group.
The controlled variables were smoking status (yes/no), arterial hypertension (yes/no) and glycemic index (GI), whose mean plasma glucose level. GI was classified as adequate (GI < 120 mg/dL) or inadequate (GI ≥ 120 mg/dL 29 .
Separation of Blood Cells
Blood samples were collected into heparinized (25 U/mL) tubes. Cells were separated by a Ficoll-Paque gradient (Pharmacia, Upsala, Sweden) to produce preparations of mononuclear cells with 98% purity as analyzed by light microscopy. Purified macrophages were resuspended independently in serum-free medium 199 to a final concentration of 2 × 10 6 cells/mL.
E. coli Strain
The enteropathogenic Escherichia coli (EPEC) used was isolated from the stool of an infant with acute diarrhea (serotype 0111:H2, LA1, eae1, EAF1, bfp1). This material was prepared and adjusted to 10 7 bacteria/mL, as previously described. 17 
Preparation of Momordica charantia L.
The plants were collected and deposited in the herbarium at the Institute of Biological and Health Science-Federal University of Mato Grosso-Pontal do Araguaia-MT, Brazil located at Lat. 15 55'08" S, Long. 52 16'44" W at an altitude of 365 m. Preparation of the plants involved a mixing process followed by maceration according to the Brazilian pharmaceutical code. 30 The total plant parts were macerated by placing 200 g of the plant into one liter of distillated water. After the preparation was filtered, the Momordica charantia L. extract was stored at 4 C.
Poly(ethylene glycol) (PEG) Microspheres Preparation
The microspheres were obtained from poly(ethylene glycol) 6000 using a modification of the method described by Scott et al. 31 Briefly, 20 g of PEG 6000 was suspended in phosphate-buffered saline (PBS), diluted with a solution of sodium sulfate to 2% PBS and incubated at 37 C for 45 min. After incubation, the PEG microspheres were diluted 3:1 in PBS and washed twice in PBS (500 × g, 5 min). PEG microspheres were resuspended in PBS. PEG microspheres with low density (LDPEG) or high density (HDPEG) were obtained by incubating the suspension at 95 C for 3 min or 95 C for 10 min, respectively. PEG microspheres were fluorescence labeling with solution of Dylight-488 (10 g mL−1-Pierce) overnight at room temperature in dimethylformamide at a 100:1 molar ratio of PEG:Dylight.
Flow Cytometry
We performed immunofluorescence staining with phycoerythrin (PE -Sigma) to assess the ability of PEG microsphere to biding with fluorescent markers to compare with the microsphere polymethylmethacrylate (CaliBRITE BD). The PEG microsphere was incubated with 5 L of PE (0.1 mg/mL) for 30 min at 37 C. After the incubation, the PEG microspheres were washed twice in PBS containing BSA (5 mg/mL; 500 × g, 10 min, 4 C). In all experiments, the PEG microspheres were analyzed by flow cytometry. The study was performed on FACS Calibur (BD San Jose USA). The PEG microsphere size was compared with the BD microsphere size (6 m-CaliBRITE 3 Beads-BD Cat. No 340486 USA) binding or not with PE. The ratio of fluorescence intensity of PEG microsphere was express in geometric mean fluorescence intensity and the size calculated according to geometric mean of Forward Scatter (FSC). Experiments were repeated on several occasions, the data presented in the figures are from single experiments performed.
Release of Superoxide Anion
Superoxide release was determined by cytochrome C (Sigma) reduction. 17 32 Briefly, mononuclear phagocytes and bacteria mononuclear phagocytes and bacteria, in the presence or not of PEG microsphere adsorbed with Momordica charantia L. were mixed and incubated for 30 min for phagocytosis. Cells were then resuspended in PBS containing 2.6 mM CaCl 2 , 2 mM MgCl 2 , and cytochrome C (2 mg/mL). The suspensions (100 L) were incubated for 60 min at 37 C on culture plates. The reaction rates were measured by absorbance at 550 nm, and the results were expressed as nmol/O 2− . All the experiments were performed in duplicate or triplicate.
Bactericidal Assay
Microbicidal activity and phagocytosis were evaluated by the acridine orange method described by Bellinati-Pires et al. 33 Equal volumes of bacteria and cell suspensions in the presence or not of PEG microsphere adsorbed with Momordica charantia L. were mixed and incubated at 37 C for 30 min with continuous shaking. Phagocytosis was stopped by incubation in ice. To eliminate extracellular bacteria, the suspensions were centrifuged twice (160 × g, 10 min, 4 C). Cells were resuspended in serum-free medium 199 and centrifuged. The supernatant was discarded, and the sediment was dyed with 200 L of acridine orange (14.4 g/L) for 1 min. The sediment was resuspended in cold culture 199, washed twice and observed under an immunofluorescence microscope at 400× and 1000× magnification. The phagocytosis index was calculated by counting the number of cells ingesting at least 3 bacteria within a pool of 100 cells. To determine the bactericidal index, we stained the slides with acridine orange and counted 100 cells with phagocytized bacteria. The bactericidal index is calculated as the ratio between orange-stained (dead) and green-stained (alive) bacteria × 100. 33 All the experiments were performed in duplicate or triplicate.
Statistical Analysis
Analysis of variance (ANOVA) was used to evaluate superoxide anion release, phagocytosis, bactericidal index in the presence or absence of opsonized EPEC. Statistical significance was considered for a p-value lower than 0.05 [p < 0 05].
RESULTS
Characterization of PEG Microspheres
The Figure 1(A) shows the relationship between the PEG microsphere and BD microsphere (standard) by fluorescence intensity. Both microspheres had similar geometric mean of fluorescence intensity. When compared to size the PEG microsphere was similar to standard microsphere ( Fig. 1(B) ). The fluorescence microscopy image (Fig. 2(A) ) shows that the PEG microspheres produced in PBS have a narrow size distribution. This result confirms that our method produces differents sizes microspheres and shows that both the high and low-density microspheres easily separate in the suspension. The microspheres produced were highly stable and retained their spherical structure without deformation (Fig. 2(A) ). Fluorescence microscopy showed that PEG microspheres are able to absorb the extract of plant (Fig. 2(B) ). Fluorescence microscopy showed that blood phagocytes are able to internalize the microspheres (Fig. 2(C) ).
The Effect of PEG Microspheres Containing Plant Extract on Blood Mononuclear Phagocytes
Retrieval and viability of blood phagocytes from both the normoglycemic and hyperglycemic groups were not affected by the PEG microspheres or Momordica charantia L. extracts (p < 0 05- Table I ). 
The hyperglycemic and normoglycemic groups had similar spontaneous superoxide release by blood phagocytes. When exposed to PEG microspheres, independent of density, the cells showed no difference between the groups. Phagocytes incubated with plant extract had higher superoxide release than untreated phagocytes (p < 0 05) irrespective of their glycemic status. Additionally, the phagocytes in the presence of PEG microspheres adsorbed with plant extract, regardless of glycemic status, displayed an increased release of superoxide (Table II) group phagocytes incubated with EPEC in the presence of high density PEG microspheres loaded with plant extract had higher superoxide release than phagocytes exposed only to bacteria (p < 0 05- Table II) . 
The Effects of PEG Microsphere Adsorbed with Plant Extract on the Phagocytosis of Blood Mononuclear Cells
Blood phagocytes from the diabetic group had some phagocytic activity in response to EPEC. Phagocytosis increased significantly in the presence of microsphere PEG adsorbed with plant extract for the normoglycemic group. A comparison of the groups showed that EPEC phagocytosis, in general, was similar for the diabetic and normoglycemic groups (Fig. 3(A) ).
The Effects of Microsphere PEG Adsorbed with Plant Extract on the Bacterial Activity of Blood Phagocytes
In general, blood mononuclear phagocytes from the diabetic group had low bactericidal activity against EPEC. Mononuclear phagocytes from the normoglycemic group incubated with plant extract or low density microspheres PEG adsorbed with or without plant extract had increased microbicidal activity in response to EPEC (Fig. 3(B) ). c Indicates differences between each bacteria treatment and the control treatment within a group (ANOVA, P < 0 05); d indicates intergroup differences within each treatment (ANOVA, P < 0 05).
DISCUSSION
In the present study, we produced PEG microspheres of different densities adsorbed with extract from Momordica charantia L. and studied their in vitro effect on bacterialkilling activity and superoxide production in blood phagocytes from diabetic individuals.
Polymer microspheres can be employed to deliver medication in a rate-controlled and sometimes targeted manner. Medication is released from a microsphere by drug leaching from the polymer or by degradation of the polymer matrix. Because the rate of drug release is controlled by these two factors, it is important to understand the physical and chemical properties of the releasing medium. 35 In this study, analysis by fluorescence microscopy and flow cytometry showed PEG microspheres to be a regular size, regardless of density, and easily separated from the suspension. The ability to form gradients in microspheres may prove to be useful to achieve better control over the kinetics of protein release. 36 The literature have reported the use of ?ow cytometry as an alternative method for analyses and visualization of particles. [37] [38] Here we showed by flow cytometry that the PEG microsphere have a size of about 5.8 m.
PEG Microspheres are a kind of copolymer used in clinical administration of drugs due to their incorporation capacity. 36 Density gradients of signaling are important in immunity. 39 In particular, chemotaxis, the preferential movement of cells up a density gradient of singling molecules is dependent on the gradient as opposed to the average concentration of the molecule. 40 Here, we had found that the PEG microsphere, independent of the density gradient, adsorbed with plant extract presented a potent immunostimulatory effect on the functional activity of blood phagocytes. Cells obtained from the blood of normoglycemic individuals are known to kill enteropathogenic Escherichia coli in the presence of herbal plants associated with peptides. This interaction may represent an alternative mechanism of defense against infection. 27 In this study, we observed that the interaction of PEG microspheres with blood phagocytes, regardless of glycemic status, did not affect the viability of the cells. Furthermore, superoxide release was higher when the phagocytes were in the presence of the PEG microspheres adsorbed with plant extract, irrespective of glycemic status. PEG microspheres adsorbed with plant extract had higher superoxide release than phagocytes exposed only to the bacteria. The activation ability of these cells, indicated by superoxide release, remained at the same level for both the hyperglycemic and control groups.
A great variety of mechanisms have been suggested for the formation of these free reactive oxygen radicals. 41 Glucose oxidation is believed to be the main source of free radical production in diabetes. 42 Hyperglycemia has also been found to promote lipid peroxidation by a superoxidedependent pathway resulting in free radical generation and release. [43] [44] Another important source of free radicals in diabetes is the interaction of glucose with proteins leading to the formation of advanced glycation end-products that contribute to an excessive burst in mitochondrial free radicals. 45 The role of free radicals is an extremely important phenomenon during immune responses and inflammatory reactions, whereas the microbicidal activity of phagocytes has been linked to the activation of cellular oxidative metabolism and release of large amounts of free radicals. 46 On the other hand, the high glucose levels of diabetic patients can impair their antioxidant systems by decreasing important responses such as phagocytic and microbicidal activity. [47] [48] [49] In this work, the PEG microspheres adsorbed with plant extract increased phagocytosis. Similar results with respect to the functional activity of leukocytes were observed in phagocytes from patients with diabetes 45 and from animals with induced diabetes. [50] [51] [52] Mononuclear phagocytes play an important role in host defense. They produce phagocytic NADPH oxidase, which forms superoxide, and is imperative for killing bacterial 53 and crucial for the success of immune responses and inflammatory reactions. 46 In our studies, the elimination of EPEC by blood phagocytes was stimulated only in the normoglycemic group when these cells were incubated with plant extract or low density PEG microspheres adsorbed with plant extract. The scientific literature has already reported the elimination of bacteria by mononuclear phagocytes, and their microbicidal activity was stimulated in the presence of immunomodulatory agents. 17-54 55 The high glucose levels impair a series of physiological processes, and the functional activity seems to be affected. Although the PEG microspheres adsorbed with Momordica charantia L. did not increase the microbicidal activity of blood phagocytes from diabetes patients, this polymer can be activated inside cells. This study outlined the immunomodulatory effects of microsphere poly(ethylene glycol) adsorbed with Momordica charantia L. on blood phagocytes. This system may be useful for the delivery of a variety of therapeutic plants and was shown to provide additional protection against infections in normoglycemic and hyperglycemic individuals. These data suggest that microspheres of poly(ethylene glycol) adsorbed with nanofractions of Momordica charantia L. represent a potential nanomaterial for future clinical applications of diabetes.
